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Slope Stability 

Studies of channel slope stability have been made at 
indicated locations in accordance with the agreement between 
the District and Moore & Taber for the purpose of determin¬ 
ing suitable unlined side slopes for proposed channel im¬ 
provements. 

Field Work : 

Field work for this project included eleven rotary 
sampled borings carried to depths of ten feet or more below 
projected channel grade. Samples were taken in the borings 
by means of a two-inch O.D. standard penetration sampler and 
a 2|— inch thin wall sampler. Where required to advance the 
sampler, a hammer delivering 350 ft. lbs. per blow was used. 
In addition to the borings, two cone penetrometers were 
driven at Locations 4 and 5 to determine variations in soil 
consistency. Samples were cut from the banks at several 
locations for supplemental tests and measurements were made 
of existing channel slopes. Boring locations were marked 
in the field and elevations referenced to the bench marks 
shown on the "Log of Test Borings' 1 drawings. 

Testing : 

The testing employed for these studies was of two types. 
In-place measurements of strength were made by means of the 
"standard penetration" test, in which penetration resistance 
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of the sampler is correlated to soil properties, the cone 
penetrometers and vane shear tests. Laboratory testing 
consisted of unit weight and moisture determinations, un¬ 
confined compression tests, direct shear tests and tri-axial 
shear tests. Classification of the soils was by inspection 
of the samples and continuous examination of drill cutting 
returns. 

Summaries of direct shear testing and results of tri- 
axial shear tests are shown on accompanying sheets. The 
results of other tests are shown on the "Log of Test Borings" 
drawings. Conditions for the tri-axial shear tests are 
noted on the sheets. Direct shear tests were performed on 
undrained samples consolidated at light unit normal loads 
and,sheared at a constant rate of .042 Inches per minute. 
Other testing was performed in accordance with standard lab¬ 
oratory procedures. 

Ea r th Material s: 

The soils encountered, at Locations 2 through 5 consist 
of very weak estuarine deposits of silt, clayey silt and 
sandy silt locally containing abundant organic material and 
typically including thin sand layers. At Location 1, a weak 
alluvial sequence of silt, sand and clay was encountered. 

At all other locations, the soils are also characteristically 
alluvial but generally of greater strength and containing 
more coarse granular materials. Two exceptions to the 
generally higher strength were encountered; at Locations 7 
and 8 weak silt was encountered at depths of 5'to 10 feet 
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below projected channel grade. Details of the distribution 
of the earth materials are shown on the accompanying "Log 
of Test Borings" drawing. 

Anal y s is: 

Analysis of all slopes was made by at least two independ¬ 
ent methods. The moment method was used to make initial slope 
determinations. This method assumes both homogenous slopes 
and materials. Since the materials at these sites are non- 
homo genous in varying degree, a number of trials at each 
location was used to determine the effect of the soil variables 
Slopes determined by the moment method were checked by the 
method of slices which is particularly suitable for evaluation 
of non-homogenous materials directly. Empirical methods were 
utilized to assure rationality of final slopes. 

An instantaneous drawdown from, sustained bank-full to 
channel bottom condition was assumed for the analyses. All 
materials are considered as saturated, except for the coarsest 
granular materials which were assumed partially drained. 

Height of slope was taken to be 15 feet below bank elevation 
at Locations 1-5 and approximately 5 feet below existing 
channel grade at Locations 6-11. No levee surcharge or other 
surcharge loads were considered. 

Factors of safety for the slopes range from 1.1 to 1.8. 
These values appear suitable because analyses are based upon 
low average strength and because of the very severe drawdown 
condition postulated. 
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Slope Recommendation s: 

Location No . 3 

Slopes not exceeding 4:1 are recommended. Since the soils 
at this site display a ratio of undisturbed strength to dis¬ 
turbed strength as low as 1:10 as indicated by vane shear, 
embankments of thoroughly disturbed material in this reach 
may not be stable at slopes greater than 8:1. Placement of 
channel spoil adjacent to slopes or as levee material may 
seriously impair stability of the slopes. 

L ocatio n s Wo. 4 . 3 an d 2 

Slopes not exceeding 3:1 are recommended. Embankments 
of thoroughly disturbed material may not be stable at slopes 
in excess of 4:1. Levee sections may affect stability of 
the slopes. 

Location No. 1 

Slopes not exceeding 1-1:1 are recommended. 

Location M o. 6 

Slopes not exceeding 1:1 are recommended. Minor vari¬ 
ations of slope height will have little effect on stability 
which is largely dependent upon the strength of uppermost 
20 feet of soil. 

Location No. 7 

Slopes not exceeding 1|:1 are recommended. The occur¬ 
rence of weak silt at or slightly below final channel grade 
elevation has a marked effect upon the stability of this 
slope. 

| CLAF'A ; 

MOORE and TAfiEft j j 

Engineers - Geologists $ *f t , ..... ... ? 







-5- 


Location M o.6 

Slopes not exceeding 1:1 are recommended. The weak silt 
bed apparent at Location No. 7 also occurs at this site but 
at a lower elevation, thus here having little effect on 
slope stability. 

Locatio n s . No. 9. 10 . & 1 1 

Slopes not exceeding 3/4*1 are recommended. 

B ea r ing Val ue.o f Soils: 

Soil bearing at approximately 5 feet below ultimate 
grade at road crossings at Locations 1 and 5 is approximate 
1000 p.af. and less than 2p0 p.s.f. respectively. Pile 
support should be utilized for addition to or reconstruction 
of these structures. Soil bearing at other locations of 
this study can be readily supplied from the data which has 
been obtained. 

Moore & Taber 

/ 

—- .... 

H. R. Taber" 

Engineer - Geologist 
C. E. 9165 

July 30 , 1959 
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0.5 l.o 1.5 2.0 2.5 3.0 3.5 

APPLIED PRINCIPAL STRESSES, TONS SO FT 



jyigj PrinStressi'i 1 1.56. 3.20 ; 5.04- 
Min Prin Stres s.Vm 1 0 .72 1.44 2.16 


| Pore Pressure, u S ’ ? 29.4 

I Woter Content, Wp % _ t __ 

|MD[d_Ratio, e f _ _ 1 _j 

Specimen Dia jnches 1.31 
i nitioi H eight inches 3 .2 5 _ _J 
Test ume to Failure Min 5.2 6*9 6,7 , 


Type of Test 

Constant Pressure 
Stralrfontroi (.042"/jnin.) 
Consolidated, Not Drained 


>e of Specimen cylindrical 
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AXIAL STRAIN, PERCENT 


1.01 2.88 

Water Content, W F % I 


j Vfciid Ratio,_ef _ | 

Speciman Dia inches 11^111,311 
Initial Hei ght inches 
TestTimetoFailure Win. 


Type of Test 

Constant Pressure 
Strain Control (.042 in/min 
Consolidated, Drained 
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NOTE 

B- I C. of E. bronze di6C S.E.wingwa’ll of existing 
bridge. El. 50.00 (assumed). 

B-2 T. B.M. Top of steel manhole cover at D640*05 
El. 50.00(assumed). 

B-3 T.B.M. Deckof existing timber farm bridge. 
El. 50.00 (assumed). 

B-4 T.B.M. Deck of state highway bridge at stream 
centerline. 0.50.00 (assumed). 

B~5 U.S.C.&GS. disc in S.W.wingwall existing 
bridge El.50.00(assumed). 


60 
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Very loose brown silt with thin 
beds of very fine to fine sand. 


beds of sandy silt-some 
organic material. 

.Very loose and very soft dark 
blue gray Interbedded peaty 
sand, clayey sand and clayey 
silt with abundant organic 
material. . 
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Cl zan n e" 


El. 39.0 
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B-4 


50 
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3.0 


2.5 


Very loose brown interbedded silt 
and fine to medium sand. 


El. 44.1 


.Very loose gray si It and sandy silt 


with some silty sand & abundant 
organic material. 


25 


(Dfje 


• Very loose and very soft dark gray 


2 £ 


silt and clayey silt-with thin 
layers of fine tomedium sand 
and abundant organic material. 


-- 


6 - 11-59 


Very loose blue gray silt with scattered 
organic material. 

Stiff yellow brown silt and clavev silt. 



Loose to slightly compact brown sandy 
silt and silty fine sand. 


40 


Soft brown and gray mottled clayey 
silt and silty clay. 

Slightly compact yellow brown clayey 


30 


fine sand with layers of sandy clay. 


Loose yellow brown interbedded silt,fine 


sand and clayey fine sand with some 

thin beds of clayey clayey silt. 


20 


10 
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LEGEND OF EARTH MATERIALS 


SIZE CLASSIFICATION 


MATERIAL SYMBOLS 



Diagram showing tha basis of grain tizs distribution 
ussd in determination of class names. Size 
classification is based on the Wentworth 
grade scale in field classification or tha 
A.S.T.M. grade scole in the laboratory sieve 
onalysls. 

Classification of earth material shown an this 
sheet is based on field inspection ond 
should not be construed to imply mech¬ 
anical analysis unless so stoted. 
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Gravel 

Sand 

Silt 

Clay 

Sandy clay or 
clayey sand 


ft '.,4 Sandy slit or 
silty sand 

Silty clayor 
clayey silt 


* 


Peat or 

organic matter 


CONSISTENCY CLASSIFICATION 

According to the Standard Penetration Test. 


Fill material 
Shale 


Sandstone 
fHI Limestone 

Metamorphic rock 
Igneous rock 


No. of blows 

Granular 

Cohesive 

0-5 

very loose 

very soft 

6-10 

loose 

soft 

11-20 

slightly compact 

stiff 

21-35 

compact 

very stiff 

36-70 

dense 

hard 

70-1- 

very dense 

very hard 


SILT PERCENTAGES 


LEGEND OF BORING OPERATIONS 


Size 


ra 

1 S' 

L*fti 


i-1 

u 


Plan of any boring 
Flush penetrometer 
2.5“ Cone penetrometer 
Rotary boring 
Auger boring 

Sample boring 
Jet boring 

Diamond core boring 
Test pi f 


ROTARY BORING 

Location 

B-no. 


Moisture % 

Unit weight (tt/cu ft.) dry 
Unconfined compressive 

strength (T/sq.ft.) 
Consolidation test 



PENETRATION TEST 

Location 

B-no. 


Top hole etev. 


uonsonaanon resr^~\z/ £* l 10 - /, ■ . miwu 

, . . , G.WS.wA elevation ground 

Direct shear test— - X T/'dat^ mwTuTed 


Expansion test — *<f) 

Triaxial compression test -»{t) 

Shear strength (P/sq. ftJ^ j^S^ 
Vane shear (field) 



Description of material 

Size of sampler 
I Slows per foot 

\\ tr \ (Using a 140 ip. hammer 
4 163] wit fi a 30" drop). 

' water surface 


Pushed -y eievjatjon_ground water surface 


/y aare measure a 

Conformable material change 
Gradational materia!change 


Blows per foot-~ 
(Using a 1401b. 
hammer with a 
30“ drop) 


%Qy-E$timated material change 
Unconformabie material change 



eo -y 

No count record ed ^ ^ me asured 

n 
// 

£5 —Graphic representation 

?! \ of driving rate. 


Date of 
boring 


b 20 io 40 6o 60 io 

Blows per foot 


date of boring 
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File 
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North 



NOTE 


B-6 T.B.M. Centerline Rosa St. at East Bridge 
abutment. El. 100.00(assumed) 

B-7 U.S.C.SGS. bronze disc at S.W corner existing 
bridge. El. 100.00 (assumed) 

B-8 TB.M. Deck of existing bridge at stream 
centerline. El. 100.00(assumed). 

B-9 T.B.M. Deck of existing bridge at stream 
centerline El.100.00(assumed). 

B-IO Mark chiselled in S.E.curb existing bridge. 

EI. 100.00 (assumed). 

B-ll TB.M Intersection centerlines Foxworthy & 
Almaden. El. lOO.OO(assumed). 


NO 


110 


100 


El. 100.00 


B-6 


3£l 


3£L 


70 
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Soft gray and brown sandy, 
gravelly clay. 


'■'o 


far . 20 1 


Very soft to soft gray and brown 
mottled silty ana sandy clay 
with some scattered fine 
gravel. 


8TTT 


fob. 


, 4 Stiff gray and brown gravelly 
-and silty clay. 


Stiff brown silty, sandy and 
gravelly clay with beds of 
clayey gravel. 


I '°t I '8 

^ G.w. s. 

El 82.6 

e - re-g» 





B-7 




—- 

3.0 


Silty sand,gravel and rubble-fill. 


El.96.80 


" 2.5 


1.4 


Loose gray and brown silty fine 
to medium sand with clayey 
iEJ and gravelly layers. 


Slightly compact gray brown 

—■■l 1 . ? I silty sand 8 fine to medium 

gravel. 

_Sjjghtly compact olive green silt 
with thin layers of med. sand. 

'Loose blue gray and blue green 


& _ 

J silt with beds of fine sandy 

silt. 



El. 98.0 


Compact brown and gray silt with 
beds of clayey siltand very fine 
sand. 






(§JI 78 41 


Slightly compact brown clayey and 
silty fine sand with somefine 
to medium gravel. 


(S) j | 38 


// 




4* 


1.6 &i 4o 


Compact gray and brown silty and 

clayey sand and fine to medium 
gravel. 

Slightly comp a ct gray & olive green 


66 30 


<.7 85 36 
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silt with fine sand beds. 


Soft dark gray silt. 


B-9 


I 


' / / 
/ / * 

//. 




3.0 


E t. 9 8 . -I 5 - 


Stiff brown and gray clayey silt. 


*3 

fa 


2.5 


I 0=3 I U& I 18 


fa-l 


2.5'| 9 


119 I II 


■Soft gray and brown silty clay. 


1.4" 7 


86 37 


a 

fc’-V 

& 

' ✓ 


2.5*1 9 


1.4 


I 


Z_1 

Soft gray and blue gray silt 
and clayey silt. 



1.9 

85 

37 

© 


91 131 


G.W. S. 



Slightly compact blue green and 
tan silt and sandy silt. 




l.l 

IOO 


El. 70.2 
6-18^59 i±L 
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B-IO 








/ 

V'S 
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/ J / 


-iT 

3.0 


2.5 "| 16 | 


I.4TI0 


Slightly compact to loose brown 
silty medium to very coarse 
sand and fine to medium gravel. 


2.5 10 


2.5*1 II 



1.4" 

8 


2 5 ] H.l 


Stiff and soft brown and gray inter- 
bedded clayey silt, siltandclayey 
fine sandy silt. 


'/. J_4^ 


PROFILE 


T 
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100 


Loose brown silt and sandy silt with 
scattered fine gravel. 

Slightly compact brown clayey and 
silty medium to very co.grs.e 


90 


sand and fine to medium gravel. 


80 


Slightly compact and compact brown 
2 .s" I 22 ~~j clayey,sandy silt, silt and clayey 
silt with beds of clayey sand and 
gravel throughout. 


70 


Dense brown clayey sand and gravel 
and compact brown silt. 


60 
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LEGEND CF EARTH MATERIALS 


SIZE CLASSIFICATION 


MATERIAL SYMBOLS 



Diagram thowing th» bads of gransizt distribution 
ustd in determination of cbss names. Size 
classification is based on be Wentworth 
grade scolc in field classification or the 
A.S.T.M. grade scole in thelaboratory sieve 
analysis. 

Classification of eorth materiil shown on this 
sheet is based on field inspection and 
should not be construed to imply mech¬ 
anics analysis unless so stated. 




Gravel 

Sond 

Silt 

Clay 

Sandy clay or 
clayey sand 

Sandy silt or 
silty sand 

Silty clayor 
clayey silt 


Peat or 

organic matter 


CONSISTENCY CLASSIFICATION 

According to tne Standard Penetration Test. 


Fill material 
VjM Shale 
tTfJ Sandstone 

|-| ||| Limestone 

RRRI 

Metamorphic rock 
Igneous rock 


No. of blows 

Granular 

Cohesive 

0-5 

very loose 

very soft 

6-10 

loose 

soft 

11-20 

slightly compact 

stiff 

21-35 

compact 

very stiff 

36-70 

dense 

hard 

70-1- 

very dense 

very hard 


LEGEND OF BORING OPERATIONS 


Size 


Size 


i - 
UM 
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! ! 

i_i 


PI an of any boring 
Flush penetrometer 
2.5“ Cone penetrometer 
Rotary boring 
Auger boring 

Sample boring 
Jet boring 

Diamond core boring 
Test pit 


Moisture % 

Unit weight (#/cu ft)dry 
Unconfined compressive 

strength (T/$q.ft.) 

Consolidation test- 
Direct shear test—+© -—-—-3- /,* 
Expansion test —»<f) hf- 

Triaxial compression test -~(t) 


Shear strength (tt/sq.ft) 
Vane shear (field) 


ROTARY BORING 

Location 

B~no. 

Description of material 

Size of sampler 
I yBiows per foot 

, *, | -Vi (Using a 140 ib. hammer 
witha 30” drop). 
efevation_ _ground water surface 

date measured 

. M -Conformable material change 
is ?'*-Gradational material change 
^-^Estimated material change 


Unconformabie material change 



PENETRATION TEST 

Location 

B-no 

Top hole elev. 


Pushed 

No count recorder 


p 


Blows per foot— 
(Using a 1401b. 
hammer with o 
30“ drop) 



// 

// 

A 
21 
2& 
1C 
2 / 
3k 


e/evot/on_ ground water surface 
date measured 


Graphic representation 
of driving rate. 



w 

date of boring 


Date of 
boring 


b 20 30 40 50 60 TO 

Blows per foot 
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